The optimization of an arbitrarily primed PCR method for typing 96 methicillin-resistant Staphylococcus aureus (MRSA) isolates was compared with pulsed-field gel electrophoresis. Identical results in the differentiation of MRSA clones and identification of the main cluster that included 82 strains (88% of patients) were obtained by both techniques.
The optimization of an arbitrarily primed PCR method for typing 96 methicillin-resistant Staphylococcus aureus (MRSA) isolates was compared with pulsed-field gel electrophoresis. Identical results in the differentiation of MRSA clones and identification of the main cluster that included 82 strains (88% of patients) were obtained by both techniques.
Outbreaks of infections caused by methicillin-resistant
Staphylococcus aureus (MRSA) continue to be a major problem for patients admitted to intensive care units. Since 1993, there has been an increase in the incidence of nosocomial outbreaks of MRSA strains in different geographic areas in Spain (4, 17) , with an incidence of close to 50% at our institution for the period 1994 to 1995, which is covered in the present study. Pulsed-field gel electrophoresis (PFGE) is a highly discriminatory method for typing MRSA isolates because it can distinguish among several concurrent epidemic strains (12) . However, it is a time-consuming and expensive typing method not well suited for screening a large number of isolates by a diagnostic laboratory (5) . By arbitrarily amplifying variable regions in the bacterial genome (arbitrarily primed PCR [AP-PCR]), an isolate-specific DNA fingerprint can be obtained in a rapid and reproducible manner (11) . Although AP-PCR is a cost-effective procedure as well, its discriminatory ability for typing MRSA isolates is lower than that of PFGE (6, 14, 16) . Amplification of fragments of the 16S to 23S rRNA intergenic spacer region by ribosome spacer PCR (RS-PCR) (5) or with the nested-PCR-amplified ribosomal DNA spacer region (13) have been proposed recently as being highly reproducible and almost as discriminatory as PFGE for the local investigation of MRSA outbreaks.
We describe here the optimization of AP-PCR for typing isolates of MRSA and compared the effectiveness of this rapid assay with that of PFGE.
Ninety-six MRSA isolates from 51 patients (31 men and 20 women between 22 and 90 years of age) with nosocomial infection collected from 1994 to 1995 at our institution were included (Table 1) , as well as other Staphylococcus isolates from 29 men and 17 women between 27 and 89 years of age (26 methicillin-susceptible S. aureus [MSSA] strains, 17 coagulasenegative strains, and 3 unrelated [community-acquired] MRSA strains), which served as controls (Table 2) . Reference strains were S. aureus CECT435 and CECT4630. Methicillin resistance was assessed with 1-g methicillin disks at 35°C for 24 h on Mueller-Hinton agar supplemented with 4% NaCl, according to standard MICs (Յ4 mg/liter) (6) and E-Test-oxacillin (AB Biodisk, Solna, Sweden). The mecA gene was confirmed by PCR with the RSM2647 and RSM2648 primers (8) .
The PFGE method of Prévost et al. (12) was used, with minor modifications according to the instructions of a different manufacturer (Bio-Rad, Richmond, Calif.). Electrophoresis was performed with the CHEF DRIII electrophoresis system (Bio-Rad) with a 5-s initial pulse, 60-s final pulse, voltage of 6 V/cm, angle of 120°, time of 23 h, and temperature of 13°C (9) . Gels were stained with ethidium bromide and photographed. Banding patterns were interpreted according to the method of Bannerman et al. (1) , considering as isolates of the same strain (modal pattern) those that appeared identical in size and number of bands and considering as subtypes those with three or fewer band differences.
For the AP-PCR protocol, the method of DNA extraction described by Pitcher et al. (10) was used, except that the suspension time of S. aureus colonies in enzymatic solutions was reduced to 15 min, the incubation time was reduced to 15 min, and protein precipitation was reduced to 5 min. The DNA concentration was measured with a GeneQuant II RNA/DNA calculator (Pharmacia Biotech, Uppsala, Sweden). To determine the optimal conditions for the reliability and reproducibility of AP-PCR, the effects of different DNA template concentrations (5 , and 10 U), arbitrary primers (a total of 20 included in the kit from Operon Technologies, Alameda, Calif., at concentrations of 0.1 to 1 M), MgCl 2 concentrations (0.5, 1, 1.5, 2, 2.5, 3, 3.5, and 4 mM), annealing temperatures (25 to 45°C), and multiplication factors per degree centigrade in ramps of the thermocycling conditions (1, 2, 3, and 4) were tested in triplicate for 11 MRSA strains previously characterized by PFGE.
The optimization of the technique was as follows. The PCR mixture consisted of 5 U of RedHot DNA polymerase (Advanced Biotechnologies); 15 mM Tris-HCl (pH 8.8 at 25°C); 2.5 mM MgCl 2 ; 50 mM KCl; 250 M (each) dATP, dGTP, Cycling was performed in a Perkin-Elmer PCR machine (model Gene Amp 9600) and consisted of the following steps: denaturation at 94°C for 5 min, followed by 44 cycles of 94°C for 1 min and a ramp of 3 min 52 s to 36°C for 1 min, a ramp of 2 min 24 s to 72°C for 1 min, and a ramp of 1 min 18 s to 94°C, followed by 10 min of extension at 72°C. Five strains were used as internal controls in each AP-PCR assay. For the analysis of reproducibility and similarity, each new PFGE and AP-PCR pattern was included in subsequent tests for comparison. The similarity between PFGE and AP-PCR patterns was assessed by using the Dice coefficient for each pair of isolates. The GelPrinter and Lane Manager 2.0 software (TDI, S.A., Madrid, Spain) were used for the analysis. A coefficient of similarity higher than 95% was required to establish a same-clone origin.
PFGE after restriction with SmaI resolved the chromosomal DNA of the 96 MRSA isolates into six main distinct PFGE patterns (A to F). PFGE type A contained 82 strains (88% of patients), which could be further classified into three subtypes (A.1 to A.3) (Fig. 1) 43 and 84%. Figure 2A shows the epidemiologic clustering according to all PFGE banding patterns of all S. aureus strains included in the study. AP-PCR analysis generated between 8 and 17 DNA products from 0.4 to 3.2 kb (Fig. 3) and also characterized the 96 MRSA isolates into six main distinct clusters (A to F). Eightytwo MRSA isolates (88% of patients) were grouped into main cluster A. The remaining AP-PCR clusters, B, C, D, E, and F, contained one, five, one, three, and four isolates, respectively ( Table 1 ). The Dice coefficient of similarity among major patterns had an average value of 50%. Control isolates showed different AP-PCR patterns (Table 2) , with an average similarity value lower than 50%, except for two MSSA strains and one unrelated MRSA strain. Figure 2B shows the epidemiologic clustering according to all AP-PCR banding patterns of all S. aureus strains included in the study.
Complete coincidence between PFGE and AP-PCR in differentiation of MRSA clones and in identification of the main cluster that included 82 MRSA strains was obtained.
During the past few years, MRSA has become an increasing source of nosocomial infections causing therapeutic and control problems in hospitals in many parts of the world (3, 7). Accurate epidemiological typing by reproducible and rapid methods is a major step in determining MRSA clones and sources of transmission. Although PFGE was developed as an epidemiological marker for typing S. aureus strains (10), dif- (14) , in which PFGE was superior to the randomly amplified polymorphic DNA assay for typing MRSA strains, we obtained a complete correlation between PFGE and the optimization of AP-PCR. This included 1 M OPA11 primer, 50 ng of DNA template, 5 U of RedHot DNA polymerase, 2.5 mM MgCl 2 , a 36°C annealing temperature, and ramps in the thermocycling conditions. The optimized AP-PCR technique was a useful tool for the discrimination and surveillance of MRSA strains associated with an outbreak localized in the intensive care and surgery wards that spread to other departments. Reproducible patterns for different MRSA, MSSA, and coagulase-negative S. aureus clones confirmed the validity of this method. The comparative typing of the 136 strains (40 as controls) by SmaI macrorestriction patterns and OPA11-PCR resulted in the same clustering by similarity in dendrograms and disclosed the most persistent local MRSA clone in the hospital. In conclusion, together with a simple method of template DNA extraction, OPA11-PCR seems to be a very rapid, inexpensive, and useful technique for epidemiological typing of S. aureus strains in routine surveillance.
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